Estrogen deficiency mediates aging, but the underlying mechanism remains to be fully determined. We report here that estrogen deficiency caused by targeted disruption of aromatase in mice results in significant inhibition of telomerase activity in the adrenal gland in vivo. Gene expression analysis showed that, in the absence of estrogen, telomerase reverse transcriptase (TERT) gene expression is reduced in association with compromised cell proliferation in the adrenal gland cortex and adrenal atrophy. Stem cells positive in c-kit are identified to populate in the parenchyma of adrenal cortex. Analysis of telomeres revealed that estrogen deficiency results in significantly shorter telomeres in the adrenal cortex than that in wild-type (WT) control mice. To further establish the causal effects of estrogen, we conducted an estrogen replacement therapy in these estrogen-deficient animals. Administration of estrogen for 3 weeks restores TERT gene expression, telomerase activity and cell proliferation in estrogen-deficient mice. Thus, our data show for the first time that estrogen deficiency causes inhibitions of TERT gene expression, telomerase activity, telomere maintenance, and cell proliferation in the adrenal gland of mice in vivo, suggesting that telomerase inhibition and telomere shortening may mediate cell proliferation arrest in the adrenal gland, thus contributing to estrogen deficiency-induced aging under physiological conditions.
Introduction
Estrogen plays an important role in regulating cell proliferation in a tissue-specific manner. Estrogen shortage induces aging and atrophic changes in a number of estrogen-responsive organs including uterus, breast and brain. On the other hand, increased supplies and actions of estrogen have been implicated as playing a pivotal role in stimulating cell proliferation during tumorigenesis and progression of breast cancer and endometrial cancer [1] . Although the mechanisms by which estrogen regulates cell proliferation and aging remain to be fully understood, several genes that control cell proliferation have been shown to be downstream targets of estrogen action [2] . Among these genes, the proto-oncogene c-myc has been reported as a direct target gene of estrogen in estrogen receptor-positive cells [3] . Recently, studies have shown that estrogen stimulates the activity of the enzyme telomerase and gene expression of telomerase reverse transcriptase (TERT) in cancer cell cultures (reviewed in [4, 5] ). Telomerase is required to maintain the structures of chromosomal ends (telomeres) for continuous cell division in human embryonic development and cancer (reviewed in [6] [7] [8] ). Telomerase interacts with telomeric DNA and other telomere binding proteins, catalyzing telomeric DNA reverse transcription to lengthen telomeres and capping the telomere ends [9] [10] [11] . In the absence of telomerase, telomeres shorten, and short telomeres trigger cell senescence and apoptosis at a threshold of telomere length, thereby limiting cell proliferative lifespan. While telomerase is consistently repressed during cell differentiation to mature somatic cells in man, telomerase is active in a number of somatic tissues in mice. However, little is known as to how telomerase activity is regulated in vivo under physiological conditions.
Transcriptional activation of the telomerase catalytic subunit TERT is an initial rate-limiting step for producing telomerase activity [6] . Regulated by multiple factors, the human TERT gene promoter contains a number of binding sites for transcriptional regulation [12, 13] . There are two typical E-boxes and several GC-boxes for the transcription factors c-myc and Sp1, respectively [14] [15] [16] . The proto-oncogene c-myc is a downstream target of several growth factors and the steroid hormone estrogen [3, [17] [18] [19] . Estrogen receptor responsive element (ERE) is present in human but not mouse TERT promoter. As suggested from in vitro cell culture experiments in human vascular endothelial cells [20] , ovary epithelial cells [21] and breast cancer cells [22] , estrogen regulates telomerase activity possibly by direct action on the TERT gene or by indirect action through c-myc. Whether or not estrogen regulates telomerase activity in vivo and to what extent estrogen regulates cell development, aging and tumorigenesis by modulating telomerase activity in estrogen-responsive tissues such as brain, breast and ovary epithelial cells are unknown and require further investigation.
The present study was undertaken to characterize telomerase activity in a number of tissues of mice in which estrogen production is eliminated by disrupting the gene encoding the enzyme aromatase that is essential for estrogen synthesis. We show that estrogen is required for the maintenance of telomerase activity selectively in the adrenal gland of mice. Depletion of estrogen results in significant inhibition of telomerase activity and retardation of development of the adrenal gland. Hormone replacement therapy for 3 weeks reverses the estrogen deficiency-induced inhibition of telomerase activity and restores cell proliferation in the adrenals. Thus, this study shows for the first time that estrogen plays a major role in up-regulating TERT gene expression and telomerase activity in vivo; deprivation of estrogen instigates telomerase inhibition, accompanied by compromised cell proliferation and tissue atrophy in the adrenal gland.
Results

Requirement of estrogen for telomerase activity in the adrenal gland
In mice, a number of normal tissues express detectable levels of telomerase activity [23] [24] [25] . To determine whether telomerase is subjected to regulation by estrogen, telomerase activity was analyzed in a range of tissues and compared between age-matched WT mice and estrogen-deficient aromatase knockout (ArKO) mice. When telomerase activity from WT mice was compared against the telomerase-positive HeLa cervical cancer cell line, high levels of telomerase activity were detected in the liver, adrenal gland, thymus and ovary; moderate levels of telomerase activity were observed in the kidney; low levels were present in the pancreas, spleen, lung and uterus; and no telomerase activity was detected in the brain, skeletal muscle, heart and fat. There was no significant difference in telomerase activity in these tissues assayed between WT and estrogen-deficient ArKO mice, except the adrenal gland (data not shown). The adrenal gland showed detectable levels of telomerase activity in WT mice. However, significantly decreased telomerase activity was observed in estrogen-deficient ArKO mice compared with that of WT littermates. By quantifying the relative production of [ 32 P]-labeled telomeric DNA as counts per minute (CPM), we found that telomerase activity in the adrenals of ArKO mice was approximately 30% of that in the adrenals of WT animals ( Figure 1 ).
To determine whether the reduction of telomerase activity in the estrogen-deficient mice is caused by estrogen deficiency and could be reversed by estrogen replacement therapy, approximately 10-week-old ArKO mice were treated with exogenous 17β-estradiol (E2) for 21 days. Age-matched WT mice also received the same E2 treatment as control. In all ArKO mice tested, E2 treatment restored telomerase activity to levels equal to that of untreated WT mice. As shown in Figure 1 , after E2 treatment, the levels of telomerase activity in the adrenals of ArKO mice became similar to that of WT control and much higher than that in the adrenals of ArKO mice without treatment, representing about four-fold increases (Figure 1 ).
Reduced gene expression of the TERT in estrogen-deficient mice
To determine the mechanisms of telomerase inhibition in the adrenal glands of estrogen-deficient mice, we assessed the gene expression levels of TERT and the transcription factor c-myc in the adrenal glands of WT and ArKO animals by RT-PCR. The housekeeping gene GAPDH was measured as a control for input and to normalize data for each gene (Figure 2 ). Consistent with high telomerase activity, expression of the TERT gene was high in the adrenals of WT mice. However, TERT gene expression was significantly decreased in the adrenals of ArKO mice, with approximately 60% reduction compared with that in WT adrenals (P < 0.05). The level of c-myc gene expression was also reduced in ArKO mice, by approximately 30% compared with that in WT adrenals (P < 0.05). To determine if estrogen reverses the reduced gene expressions of TERT and c-myc, a hormone replacement therapy was conducted in these WT and ArKO animals, followed by gene expres- [26, 27] , and we assumed that the poor BrdU uptake was due to the short delivery time of BrdU (2 h prior to tissue collection) compared with other adrenal gland studies that typically used a mini-osmotic pump delivery system over a 7-day period [26, 28] . To overcome this problem, adrenal gland sections were stained with a specific antibody for the Ki67 protein that is expressed during all stages of the cell cycle, but repressed in G 0 [29] . With specific antibodies, Ki67-positive cells were observed in adrenal gland sections from both WT and estrogen-deficient ArKO mice. These Ki67-positive cells predominantly localized at the cortex with majority of the cells in the outer area of the capsule and low levels of staining close to the cortical-medullar junction ( Figure  3A) . However, the numbers of Ki67-positive cells in ArKO mice appeared to be significantly less than that in the adrenal gland of WT mice (P < 0.05) ( Figure 3A ), suggesting that there is a significant reduction in proliferative cells in the adrenals of estrogen-deficient mice. To determine if the reduced number of proliferative cells can be recovered by hormone replacement therapy, we treated the estrogen-deficient ArKO mice with E2 for 21 days. As shown in Figure  3B and 3C, estrogen treatment stimulated cell proliferation in ArKO mice to levels similar to WT controls. In addition, comparing the average size and weight between WT and npg ArKO, we found that the size and weight of the adrenal gland in the estrogen-deficient ArKO mice were significantly less than those of WT littermates ( Figure 3A) , and E2 replacement therapy reversed the weight reduction of the adrenal gland in ArKO mice ( Figure 3D ).
Telomere shortening in the adrenal cortex of estrogendeficient mice
To determine the impact of estrogen deficiency on telomeres, and the consequence of estrogen deficiency-induced telomerase inhibition in ArKO mice, we analyzed the sizes of telomeres in the adrenal gland of these mice with or without estrogen in vivo. By quantitative fluorescence in situ hybridization (Q-FISH) using specific fluorescencelabeled telomeric DNA probe, we found for the first time that telomeres in the cells localized in the adrenal cortex are significantly longer than those in the cells of adrenal medulla ( Figure 4 , panel C versus panel E). This finding was initially surprising, but was consistent with the data that proliferating cells mainly populated in the cortex of the adrenal gland ( Figure 3 ). Comparing the telomere lengths in the adrenal medulla between the wild-type and ArKO mice showed no significant difference ( Figure 4 , panel E versus F; panel G). However, striking differences in telomere lengths emerged in the adrenal cortex between wild-type and ArKO mice (Figure 4 , panel C versus D; panel G). While the telomere length in the adrenal medulla was approximately 40% of that in the cortex in both wildtype and ArKO, the telomere length in the adrenal cortex of ArKO mice was reduced to be indistinguishable from the telomeres in the medulla ( Figure 4G ). The telomere length decreased by 60-70% in the ArKO adrenal cortex compared with that in the wild type, showing a significant correlation with the reduced telomerase activity and TERT gene expression (Figures 1 and 2 ) and with the loss of proliferative cells in the adrenal cortex (Figure 3) .
Identification of proliferative and stem cell populations
Increasing evidence suggests that the adrenal gland contains a population of stem/progenitor cells and there are different patterns in the proliferation, differentiation and migration of these cells [30] . We examined whether the proliferative cells identified by Ki67 staining express the stem cell markers stem-cell antigen-1 (Sca-1) and/or c-kit, two markers that are commonly used to identify stem cell populations [31, 32] . Expression of Sca-1 and c-kit was examined by immunohistochemical staining of WT adrenal gland sections and co-localization with proliferating cells was determined by double staining for Ki67 expression. Since neither Sca-1 nor c-kit expression has been reported in adult mouse adrenal glands, we performed positive controls using the sections of thymus [33] and ovary [34] tissues where the expression of Sca-1 has been reported [33] . Although it was readily detected in the thymus, Sca-1 was not detectable in the adrenal gland (data not shown). However, c-kit was detected in a restricted region of the adrenal cortex of WT mice ( Figure 5 ). Despite that both c-kit and Ki67 were expressed predominantly within the regions of the adrenal cortex, there was limited number of co-stained cells positive for both Ki67 and c-kit ( Figure 5) . Furthermore, c-kit-positive cells appeared to be populated 
Discussion
As a pleiotropic steroid hormone important in a variety of tissues, estrogen plays pivotal roles in tissue development and aging by regulating critical genes coding for cellular effectors. TERT is one important effector that is strictly controlled at transcriptional level. In man, TERT is expressed in stem cells, repressed in differentiated cells and reactivated in expanding neoplastic cells. In mice, telomerase is active in a number of tissues, underlying cell proliferation against aging [35] . The mechanisms of telomerase regulation under physiological conditions remain largely unknown. Using the estrogen-deficient mouse model, the present study shows for the first time that estrogen plays a key role in regulating telomerase activity in the adrenal gland of mice under physiological conditions. Our novel findings show that estrogen is essentially required for telomerase activity by up-regulating the TERT gene, and that estrogen deficiency causes telomerase inhibition and cell proliferation arrest in the adrenal gland, which could be reversed by 3 weeks of estrogen replacement therapy.
The findings of telomerase activity in the adrenal gland of mice and its inhibition by estrogen deficiency were surprising. While a very low level of telomerase activity has been detected in human and bovine adrenals, we found in this study that a significant level of telomerase activity is present in the adrenal gland of mice. The expression of telomerase activity in the mouse adrenal gland is further supported by the readily detectable gene expression of the telomerase catalytic subunit TERT. Our findings thus suggest that telomerase plays an important role in tissue developmental homeostasis of the adrenal gland in mice. The importance of telomerase activity in the adrenal gland is further reflected by the predominant regulation of the enzyme activity by estrogen. Our finding that estrogen withdrawal induces a dramatic inhibition of telomerase activity suggests an endocrine regulation of telomerase activity and thereby adrenal gland genesis and homeostasis. This significant regulation of telomerase activity by estrogen in the adrenal gland is in marked contrast to the lack of estrogen regulation of telomerase activity in other tissues such as liver, where there are high levels of telomerase activity. This tissue-specific effect of estrogen on telomerase activity suggests that diverse mechanisms exist in the regulation of telomerase activity and the actions of estrogen by tissue factors. By measuring telomerase activity in crude tissue extracts, we cannot exclude cell type-specific regulation of telomerase activity by estrogen in the tissues and organs examined in this study. It is pos- npg sible that the effect of estrogen can be masked or diluted with mixed cell populations, while steroid regulation of telomerase may occur in a cohort of the fractions. This may be relevant for further research, particularly in tissues such as the uterus and thymus, where estrogen plays fundamental roles in regulating cell proliferation in different compartments. In our recent studies in the ovarian tissue, we have found that estrogen regulates telomerase activity in the granulosa cells of ovarian follicles (manuscript submitted). Given that transplantation of adrenocortical cells expressing telomerase activity restores the adrenal hormone levels in adrenalectomized mice [36] , it is likely that the adrenal gland preserves a population of telomerase-positive cells to retain cell proliferation capacity with differentiation for adequate function of the adrenal gland in mice. Consistent with the hypothesis that estrogen regulates telomerase activity and thereby tissue genesis and repair in a tissue-specific manner, elimination of estrogen causes a significant decrease of telomerase activity in association with the loss of tissue weight of the adrenal gland. Examination of cell proliferation by immunofluorescent staining for cell proliferation-specific expression of Ki67 in the adrenal tissue sections shows that cell proliferative activity predominantly occurs in the adrenal cortex, whereas little cell proliferative activity is observed in the adrenal medulla consistent with the most differentiated neural-like cells residing in the medulla with repressed telomerase activity [37] . Moreover, in the absence of estrogen, the number of proliferating cells in the cortex has been significantly reduced as observed in the ArKO animals. Thus, estrogen regulation of cell proliferation and perhaps tissue genesis in the adrenal gland likely involves telomerase. Furthermore, we found that telomeres are longer in the cortex than in the medulla, and the length of telomeres in the adrenal cortex is dramatically reduced by more than 60% in the absence of estrogen in association with inhibited telomerase activity. Thus, our findings show that estrogen up-regulates telomerase activity and facilitates telomere maintenance and adrenal cortex cell proliferation in mice. This conclusion is consistent with our previous findings in human epithelial cells that estrogen stimulates telomerase activity and promotes cell survival [20] , and is further supported by the experiments of hormone replacement therapy in which estrogen treatment restores telomerase activity, cell proliferation and tissue weight.
Previous studies have shown that oophorectomy results in atrophy of the adrenal gland in rat [38] . Our present study using the estrogen-deficient mouse model shows for the first time that removal of the estrogen results in a decrease of the mass of adrenal gland and cellular proliferative activity, suggesting that the atrophy of adrenal gland in oophorectomy is mediated by estrogen deficiency. The accompanied decrease of telomerase activity and shortening of telomeres in the absence of estrogen further suggest that telomerase inhibition and telomere shortening are involved in mediating the effect of estrogen loss. The recovery of telomerase activity and cell proliferation following estrogen replacement therapy further supports a role of telomerase activity in mediating the stimulatory effect of estrogen on cell proliferation in the adrenal gland. Given that the cell proliferative activity in response to estrogen occurs primarily in the outer quarter of the adrenal cortex, a structural zone where stem cells have been localized and shown to proliferate and migrate centripetally to the proximity of the boundary with the adrenal medulla [27, 39] , it is possible that estrogen up-regulations of TERT gene, telomerase activity, telomere maintenance and cell proliferation primarily occur in the stem cell or progenitor cell compartment of adrenal gland. This speculation is consistent with recent studies showing that telomerase regulates the maintenance of stem cell proliferative potential, stem cell mobilization, proliferation and differentiation for tissue regeneration and repair [40] [41] [42] . Our findings that there is a gradient distribution of cell populations of majority c-kit positive cells, small number of both c-kit and Ki67 positive cells, and majority Ki67 positive cells from the cortex toward the boundary of medulla suggest that c-kit + cells of more stemness in the outer region undergo centripetal migration and differentiation to c-kit
+ progenitors and subsequently more differentiated Ki67 + proliferative population within the adrenal parenchyma. The limited co-localization of c-kit with Ki67 suggests a distinct population of Ki67-positive proliferative cells affected by estrogen deficiency. This population may be differentiated progenitor cells with distinct gene expression characteristics including emerged estrogen receptors and Ki67 and vanishing c-kit.
The mechanisms of estrogen regulation of telomerase activity and thereby cell proliferation in the adrenal gland of mice have not been fully understood. The findings that the absence of estrogen is associated with a significant reduction of the telomerase catalytic subunit TERT and that estrogen replacement therapy restores TERT gene expression to WT levels suggest a cause-effect relationship between estrogen and telomerase. The data suggest that estrogen up-regulates telomerase activity by stimulating the transcription of TERT, consistent with previous reports that estrogen stimulates TERT gene promoter activity and gene transcription in cultured human vascular endothelial cells [20] , ovary epithelium cells [21] and cancer cells [22] . While the adrenal cortex contains estrogen receptors [43, 44] , the mouse TERT gene promoter region shows no consensus signature of an estrogen receptor binding site. It is therefore possible that estrogen regulates mouse TERT gene expression by indirect trans actions. This is sup- ported by our data that gene expression levels of c-myc, a transcription factor of TERT [17, 18, 45] , are significantly reduced in ArKO adrenals and its expression levels are restored to the levels comparable with WT after estrogen replacement therapy. Estrogen has been shown to rapidly stimulate c-myc gene expression in ER-positive cell lines in 1 h of treatment [46] , suggesting that c-myc is a direct downstream target gene of ER. Moreover, E2 stimulates telomerase activity in c-myc-positive human choriocarcinoma BeWo cells, but has no effect on telomerase activity in c-myc-null HO15.19 cells [47] . We cannot exclude other mechanisms including nuclear signalling from the membrane-associated ER [48, 49] and epigenetic control of the TERT gene [50] in the adrenal gland. Future studies should also consider potential impacts of estrogen deficiency on other factors involved in telomere homeostasis, including telomere binding proteins [51, 52] .
In summary, we have identified a direct connection from estrogen to the telomerase gene TERT in vivo under physiological conditions in mouse adrenal gland. Maintaining the TERT gene expression by estrogen allows normal growth of the adrenal gland in mice. Deficiency of estrogen leads to inhibition of telomerase activity and cell proliferation. Hormone replacement therapy is sufficient to restore the lost telomerase activity at the level TERT gene transcription, and thereby reverse the compromised cell proliferation after 3 weeks of treatment.
Materials and Methods
Mice
ArKO mice were generated by targeted disruption of the Cyp19 gene encoding aromatase that catalyzes the conversion of estrogen from androgen [53] . Mice were bred, genotyped and maintained as previously described [54] . A 21-day release E2 (0.05 mg E2 per pellet; Innovative Research of America) or placebo pellet was subcutaneously implanted into 10-12-week-old female WT and ArKO mice. Tissues were collected on the 22 nd day, weighed and processed as required.
Telomerase activity assay
Female WT and ArKO mice were killed by CO 2 inhalation and tissues were snap frozen in liquid nitrogen and stored at -80 °C until use. A TRAP assay was performed as described previously [55] to determine telomerase activity. Frozen tissues were homogenized in 10 times volume of pre-chilled TRAP lysis buffer (0.5% CHAPS, 10 mM Tris-HCl pH 7.5, 1 mM MgCl 2 , 1 mM EGTA, 5 mM β-mercaptoethanol, 10% glycerol and 1 mM AEBSF). Nuclei were pelleted by centrifugation at 3 000× g, resuspended in TRAP lysis buffer and nuclear proteins were isolated by centrifugation at 600× g. Protein concentration was determined using a colorimetric protein assay kit (Bio-Rad, US). Equal amounts (0.4 µg) of proteins were incubated at 30 °C for 20 min in a 30 µl reaction containing 20 mM Tris-HCl pH 8.3, 1.5 mM MgCl 2 , 63 mM KCl, 0.05% Tween-20, 1 mM EDTA, 2 µg BSA, 50 µM each dNTP and 0.1 µg telomerase substrate. De novo synthesized telomeric repeats were amplified in the presence of 0.1 µg ACX, 2 U Taq DNA polymerase (GeneWorks) and 0.05 µCi [α-32 P]dATP (Perkin-Elmer) using the following PCR conditions: 94 °C for 3 min, followed by 25 cycles of 94 °C 30 s, 60 °C 30 s and 72 °C 45 s. To monitor potential non-specific PCR effects, an additional primer pair of TSNT and NT was added to the reaction to give rise to an internal control (IC). Telomeric products were resolved on a nondenaturing polyacrylamide gel, followed by overnight autoradiography. Semi-quantitative analysis of telomerase activity was performed by counting 32 P activity using a β-radiation counter [55] . To control for telomerase activity, all assays included CHAPS lysis buffer as a negative control and HeLa cell lysates as a positive control.
RT-PCR
Total RNAs were extracted using a high pure RNA tissue extraction kit (Roche). Equal amounts of RNAs were reverse transcribed with oligodT(20) using the ThermoScript system (Invitrogen) according to the manufacturer's instructions. RT-PCR was used to measure gene expression of TERT and c-myc. Expression of each gene was normalized to the housekeeping gene GAPDH. The primers used were: TERT-F 5΄-CTC TCT GCT GCG CAG CCC ATA C-3΄; TERT-R 5΄-CCT CGT TAA GCA GCT CAA AG-3΄; c-myc-F 5΄-TCA CTG GAA CTT ACA ATC TGC GAG C-3΄; c-myc-R 5΄-TCC TGT TGG TGA AGT TCA CGT TGA G-3΄; GAPDH-F 5΄-CAG ATC CAC AAC GGA TAC ATT GGG-3΄; GAPDH-R 5΄-CAT GAC AAC TTT GGC ATT GTG G-3΄. Experiments were conducted to ensure that amplification was within the logarithmic range. PCR products were analyzed on 1.5% agarose gels stained with ethidium bromide. Products were measured using densitometry and each gene expressed as a ratio to GAPDH expression.
Ki67 staining for cell proliferation
Five µm fresh-frozen sections were used to stain for the Ki67 antigen, a marker of cell proliferation. Sections were fixed in 4% paraformaldehyde/10% sucrose, washed once in phosphate-buffered saline (PBS) and blocked with 5% bovine serum albumin/PBS (Sigma, Fraction V) for 30 min. Sections were incubated with polyclonal rabbit anti-Ki67 (Abcam, No. ab15580) at 4 °C overnight at a 1:400 dilution. Primary antibody was detected with donkey antirabbit IgG-FITC (Santa Cruz Biotechnology, sc-2090) incubated for 90 min at room temperature at a 1:100 dilution. Nuclei were stained with 0.5 µg/µl Hoechst 33258 (Sigma) and visualized by fluorescence microscopy. Results were expressed as the number of Ki67-positive cells per gland ± standard error.
Telomere Q-FISH
The slides of adrenal tissue sections were fixed in 4% formaldehyde before treatment with acidified 1% pepsin solution, and hybridized with probe solution (0.3 µg/ml Cy3-conjugated [CCCTAA]3 PNA probe (Panagene, Daejeon, South Korea), 70% formamide, 20 mM Tris-HCl, pH 7.0, 1% BSA). Washing was conducted in PBS/tween-20 with one high stringency wash at 57 °C. DNA was counterstained with DAPI and visualized and captured using Nikon Eclipse TE2000 microscope, Plan Fluor 40× objective, DS-5MC CCD camera and NIS-Elements F 2.20 software (Nikon). Telomere images were captured with a Plan Fluor 100× oil-emersion objective, and individual telomere fluorescence was integrated using spot IOD analysis in the TFL-Telo 2. Vancouver) [56] . Images from at least 13 metaphase spreads of each data point were quantified before assembly of data in a standard spreadsheet program. At least 50 nuclei from each condition were analyzed.
Statistical analysis
Data were analyzed using Student t-tests and a probability (P) value of less than 0.05 was considered statistically significant.
